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NATIONAL   BUREAU   OF  STANDARDS 

The  National  Bureau  of  Standards'  was  established  by  an  act  of  Congress  March  3.  1901. 
The  Bureau's  overall  goal  is  to  strengthen  and  advance  the  Nation's  science  and  technology 
and  facilitate  their  effective  application  for  public  benefit.  To  this  end,  the  Bureau  conducts 
research  and  provides:  (I)  a  basis  for  the  Nation's  physical  measurement  system,  (2)  scientific 
and  technological  services  for  industry  and  government,  (3)  a  technical  basis  for  equity  in  trade, 
and  (4)  technical  services  to  promote  public  safety.  The  Bureau  consists  of  the  Institute  for 
Basic  Standards,  the  Institute  for  Materials  Research,  the  Institute  for  Applied  Technology, 
the  Institute  for  Computer  Sciences  and  Technology,  and  the  Office  for  Information  Programs. 

THE  INSTITUTE  FOR  BASIC  STANDARDS  provides  the  central  basis  within  the  United 
States  of  a  complete  and  consistent  system  of  physical  measurement;  coordinates  that  system 
with  measurement  systems  of  other  nations;  and  furnishes  essential  services  leading  to  accurate 
and   uniform  physical   measurements  throughout  the   Nation's  scientific  community,  industry, 
and  commerce.  The  Institute  consists  of  a  Center  for  Radiation  Research,  an  Office  of  Meas- 
urement Services  and  the  following  divisions: 
Applied  Mathematics  —  Electricity  —  Mechanics  —  Heat  —  Optical  Physics  —  Nuclear 
Sciences  2  —  Applied  Radiation  -  —  Quantum  Electronics  3  —  Electromagnetics  3  —  Time 
and  Frequency  "  —  Laboratory  Astrophysics  :  —  Cryogenics ". 

THE  INSTITUTE  FOR  MATERIALS  RESEARCH  conducts  materials  research  leading  to 
improved  methods  of  measurement,  standards,  and  data  on  the  properties  of  well-characterized 
materials  needed  by  industry,  commerce,  educational  institutions,  and  Government;  provides 
advisory  and  research  services  to  other  Government  agencies;  and  develops,  produces,  and 
distributes  standard  reference  materials.  The  Institute  consists  of  the  Office  of  Standard 
Reference  Materials  and  the  following  divisions: 

Analytical   Chemistry   —   Polymers   —    Metallurgy   —    Inorganic   Materials   —  Reactor 

Radiation  —  Physical  Chemistry. 

THE  INSTITUTE  FOR  APPLIED  TECHNOLOGY  provides  technical  services  to  promote 
the  use  of  available  technology  and  to  facilitate  technological  innovation  in  industry  and 
Government;  cooperates  with  public  and  private  organizations  leading  to  the  development  of 
technological  standards  (including  mandatory  safety  standards),  codes  and  methods  of  test; 
and  provides  technical  advice  and  services  to  Government  agencies  upon  request.  The  Institute 
consists  of  a  Center  for  Building  Technology  and  the  following  divisions  and  offices: 

Engineering  and  Product  Standards  —  Weights  and  Measures  — -  Invention  and  Innova- 
tion — ■  Product  Evaluation  Technology  —  Electronic  Technology  —  Technical  Analysis 
— ■  Measurement  Engineering  —  Structures,  Materials,  and  Life  Safety  *  —  Building 
Environment 4  —  Technical  Evaluation  and  Application  *  —  Fire  Technology. 

THE  INSTITUTE  FOR  COMPUTER  SCIENCES  AND  TECHNOLOGY  conducts  research 
and  provides  technical  services  designed  to  aid  Government  agencies  in  improving  cost  effec- 
tiveness in  the  conduct  of  their  programs  through  the  selection,  acquisition,  and  effective 
utilization  of  automatic  data  processing  equipment;  and  serves  as  the  principal  focus  within 
the  executive  branch  for  the  development  of  Federal  standards  for  automatic  data  processing 
equipment,  techniques,  and  computer  languages.  The  Institute  consists  of  the  following 
divisions: 

Computer  Services  —  Systems  and  Software  —  Computer  Systems  Engineering  —  Informa- 
tion Technology. 

THE  OFFICE  FOR  INFORMATION  PROGRAMS  promotes  optimum  dissemination  and 
accessibility  of  scientific  information  generated  within  NBS  and  other  agencies  of  the  Federal 
Government;  promotes  the  development  of  the  National  Standard  Reference  Data  System  and 
a  system  of  information  analysis  centers  dealing  with  the  broader  aspects  of  the  National 
Measurement  System;  provides  appropriate  services  to  ensure  that  the  NBS  staff  has  optimum 
accessibility  to  the  scientific  information  of  the  world.  The  Office  consists  of  the  following 
organizational  units: 

Office  of  Standard  Reference  Data  —  Office  of  Information  Activities  —  Office  of  Technical 
Publications  —  Library  —  Office   of  International    Relations. 


1  Headquarters    and    Laboratories    at    Gaithersburg,    Maryland,    unless    otherwise    noted;    mailing    address 
Washington,  D.C.  20234. 

''  Part  of  the  Center  for  Radiation  Research. 

a  Located  at  Boulder.  Colorado  80302. 

*  Part  of  the  Center  for  Building  Technology. 
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I .   Introduction 
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II.   Test  Procedure 


In  practice,  the  photometric  tests  were  conducted  as 
follows:   A  lighting  component,  (such  as  a  tail  lamp),  was 
mounted  unto  a  test  fixture  built  to  simulate  the  component's 
orientation  in  its  designated  vehicle.   The  original  bulb  was 
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Figures  in  brackets  indicate  the  literature  references  at  the 
end  of  this  paper. 
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replaced  with  another  bulb  calibrated2  in  accordance  with 
techniques  specified  in  the  SAE  Lighting  Standard  [3].   Then, 
the  fixture  with  the  lamp  was  mounted  on  a  goniometer  with 
two  angular  degrees  of  freedom.   The  goniometer  could  be 
indexed  ten  degrees  of  arc  from  the  normal  in  the  vertical, 
and  twenty  degrees  of  arc  from  the  normal  in  the  horizontal 
plane.   A  photoelectric  detector,  facing  the  assembly  from 
100  feet  away,  and  the  associated  electronic  equipment  com- 
pleted the  experimental  setup. 

FMVSS  No.  108  [1]  requires  the  measurement  of  direction- 
al luminous  intensity  (in  candlepower)  at  27  defined  horizon- 
tal and  vertical  angle  combinations  of  the  goniometer's 
setting.   To  check  for  compliance  with  the  minimum  requirement 
in  the  standard,  the  27  candlepower  values  are  pooled  into 
seven  groups  representing  aggregates  of  three  to  five  test 
point  values.   Figure  1,  FMVSS  No.  108  [1]  lists  minimum 
candlepower  values  for  each  group  (also  called  "zone"). 
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nt,  we  tested  four  lamps  in  three  labo- 
ct  with  the  OSE  [2].   While  it  is  gen- 
un  i nterl aboratory  studies  on  no  less 
bly  fifteen  or  more  laboratories  [4], 
this  case  to  conform  to  these  require- 
hree  participating  laboratories  are 
nstitutions  in  the  U.S.  engaged  in  this 
provide  data  for  the  within  laboratory 
d  each  lamp  four  times  in  each  laboratory, 

bulbs.   The  bulbs  were  operated  at  the 
ical  candlepower  [3],  and  they  were  cal- 
atory  in  an  integrating  sphere.   The 
binations  were  tested  in  a  random  order 
he  order  being  different  from  laboratory 


III.   Statistical  Analysis  of  Data 

The  data  were  first  arranged  in  a  two-way  table,  (Table 
1),  in  which  the  rows  represented  the. 12  laboratory  and  bulb 
combinations  (3  laboratories  x  4  bulbs),  and  the  columns 
represented  the  28  lamp  and  zone  combinations  (4  lamps  x 
7  zones).   An  analysis  of  this  table  of  data  snowed  no  signi- 
ficant systematic  differences  between  the  four  bulbs  used  in 
the  experiment.   Therefore,  the  four  results  obtained  by  each 
laboratory  for  a  particular  zone  on  a  given  lamp,  using  the 
four  bulbs,  were  treated  as  replicate  measurements.   The 
statistical  analysis  then  proceeded  to  the  calculation  of  the 
repeatability  and  reproducibility  [4]  of  the  test  method. 


Preceding  the  first  calibration,  the  bulbs  were  seasoned  for 
1%  of  their  rated  average  lifetime  to  assure  stability. 

2 


The  standard  deviation  of  repeatability,  sr,  is  a  measure 
of  the  variability  obtained  when  the  same  laboratory  measures 
repeatedly  the  same  zone  of  the  same  lamp,  using,  however,  a 
different  bulb  for  each  replicate  measurement. 

The  standard  deviation  of  reproducibility,  sr,  is  a  mea- 
sure of  the  variability  obtained  between  single  measurements 
made  in  different  laboratories  on  the  same  zone  of  the  same 
lamp.   The  estimate,  sr,  is  obtained  by  the  formula 
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R 


=  V 


+  s 


where  s^   is  the  square 


of  the 
2 


standard  de- 


viation of  repeatability  defined  above,  and  s^/  is  the  compo- 
nent of  variance  due  to  systematic  differences  between  lab- 
oratories . 
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ble  2  lists,  for  each  zone  of  each  lamp,  the  average 
ver  all  laboratories  and  bulbs,  as  well  as  the  standard 
on  for  repeatability  and  reproducibility,  all  expressed 
s  of  candlepower.   It  should  be  noted  that  both  sr  and 
between  lamps  and  between  zones,  and  a  closer  examina- 
the  data  reveals  that  both  sr  and  sr  increase  as  the 
de  of  the  measured  value  increases.   Thus,  the  coef- 

of  variation  will  be  a  less  variable  quantity  than 
ndard  deviation  for  both  repeatability  and  reproduci- 

Table  3  is  analogous  to  Table  2,  but  lists  the  percent 
ients  of  variation  (%CV)  instead  of  the  standard  devia- 


IV.   Conclusion 
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e  coefficients  of  variation  of  repeatability 
1 i ty  are  listed  in  Table  4.   It  should  be 
first  place  that  the  values  relating  to  repro- 
suffer  from  the  severe  shortcoming  of  being 
hree  laboratories.   Therefore  these  values 
dered  more  as  an  indication  of  existing  condi- 
redictive  parameters.   This  being  recognized, 
able  4  place  the  precision  of  this  test  method 
bout  10  percent  coefficient  of  variation.   This 
1  undoubtedly  be  of  value  to  members  of  the 
ent  industry  who  wish  to  evaluate  their  equip- 
thod . 
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TABLE  1 

DIRECTIONAL  LUMINOUS  INTENSITY  -  CANDLEPOWER 
LAMP  NO.  1 


Lab.     Bulb     Z-l      Z-2      Z-3      Z-4      Z-5      Z-6      Z-7 


1 

60.0 

68.0 

71.0 

121.0 

47. C 

31.2 

33.8 

2 

51.9 

67.0 

71.0 

133.0 

53.0 

33.0] 

39.7 

3 

54.9 

66.0 

75.0 

138.0 

52.0 

34.0 

36.9 

4 

56.6 

63.0 

70.0 

122.0 

48.0 

31.8 

33.4 

1 

59.0 

74.2 

75.5 

139.6 

57.0 

34.7 

43.1 

2 

52.1 

71.5 

65.5 

131.5 

58.4 

29.5 

42.1 

3 

56.8 

72.8 

75.7 

143.4 

57.5 

34.2 

41.5 

4 

56.0 

68.1 

70.4 

127.6 

52.2 

32.1 

36.9 

1 

53.19 

62.50 

67.30 

118.1 

45.70 

30.35 

32.29 

2 

49.19 

63.30 

67.50 

121.1 

49.10 

30.61 

37.43 

3 

51.10 

63.70 

69.30 

127.7 

50.10 

31.20 

36.90 

4 

59.48 

61.80 

66.50 

117.2 

50.10 

30.92 

38.83 

TABLE  1  (continued) 


LAMP  No.  2 


Lab.     Bulb     Z-l      Z-2      Z-3     Z-4       Z-5      Z-6      Z-7 


1 

1 

19.9 

19.8 

26.5 

49.6 

27.4 

27.8 

23.0 

2 

19.1 

20.5 

21.7 

52.2 

33.8 

25.9 

28.8 

3 

20.2 

20.5 

23.8 

49'.4 

29.8 

20.8 

22.8 

4 

19.7 

20.3 

23.6 

46.4 

27.1 

24.8 

22.6 

2 

1 

16.5 

17.6 

24.7 

43.7 

21.3 

23.1 

17.5 

2 

17.1 

15.9 

21.7 

45.3 

27.2 

23.1 

22.1 

3 

16.8 

17.3 

20.2 

40.5 

24.2 

23.8 

18.5 

4 

17.0 

18.1 

19.1 

41.1 

2  8.4 

23.3 

23.1 

3 

1 

18.03 

20.22 

26.56 

48.70 

21.84 

26.08 

18.91 

■     - 

2 

19.64 

20.08 

24.73 

53.98 

31.03 

27.15 

23.20 

3 

16.07 

20.65 

20.06 

46.79 

27.90 

25.95 

21.74 

4 

20.48 

18.64 

26.56 

45.65 

23.46 

30.32 

22.21 

TABLE  1  (continued) 


LAMP  No.  3 


Lab,     Bulb     Z-l      Z-2      Z-3     Z-4       Z-5      Z-6      Z-7 


1 

14.7 

9.8 

15.9 

30.1 

15.4 

17.3 

14.1 

2 

15.3 

9.7 

16.6 

30.4 

15.1 

18.1 

13.7 

3 

15.1 

9.7 

15.6 

29.8 

15.4 

18.2 

14.8 

4 

14.9 

9.9 

15.3 

28.3 

14.8 

17.1 

14.2 

1 

11.3 

10.0 

13.7 

27.6 

14.6 

13.1 

12,4 

2 

11.0 

9.  8 

13.6 

28.0 

14.7 

13.0 

11.8 

3 

10.6 

10.0 

12.7 

27.8 

15.6 

13.1 

13.2 

4 

11.5 

10.0 

13.9 

27.9 

14.7 

13.7 

12.8 

1 

12.26 

10.73 

14.96 

29.62 

15.29 

13.93 

12.50 

2 

12.52 

10.3  2 

15.40 

29.97 

15.07 

13.79 

12.41 

3 

12.17 

10.93 

14.36 

29.91 

16.26 

14.47 

13.73 

4 

11.94 

10.53 

14.27 

28.71 

15.24 

14.19 

13.45 

TABLE    1    (continued) 


LAMP   No.     4 


Lab.  Bulb  Z-l Z-2 Z-3  Z-4 SjJS Z-6 Z-7 

1  1 
2 
3 

4 

2  1 
2 
3 

4 

3  1 
2 
3 
4 


66.1 

35.3 

105.0 

182.0 

61.8 

31.9 

103.0 

192.0 

62.5 

33.1 

110.0 

197.0 

66.2 

34.4 

106.0 

165.0 

64.1 

36.6 

107.0 

206.3 

57.7 

34.5 

105.5 

218.1 

6-3.5 

37.8 

114.6 

221.7 

68.1 

37.4 

109.8 

201.1 

59.74 

35.05 

107.6 

201.0 

62.32 

34.95 

104.6 

183.2 

61.81 

35.53 
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TABLE  4 


Avg. 
%  CV Lamp  1 Lamp  2 Lamp  3 Lamp  4 

v  5.3  8.6  2.4  4.4 

r 

vD         7.2  11.3  8.5  7.4 
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